Although Vietnamese residents frequently harbor extended-spectrum β-lactamase-producing Escherichia coli (ESBL-E), it is unclear which foods/beverages are risk factors for acquiring these bacteria. The aim of this study was to evaluate the frequency with which edible ice served in restaurants is contaminated with antibiotic-resistant bacteria, and thereby clarify whether this product poses a risk for ESBL-E carriage in humans. Ice from restaurants in Vietnam and Japan was screened for bacteria capable of growing on agar containing cefotaxime (BG-CTX). Of the 119 BG-CTX strains isolated in Vietnam, 40%, 39%, and 12% were identified as Pseudomonas spp., Acinetobacter spp., and Stenotrophomonas maltophilia, respectively. Meanwhile, of the six such strains isolated in Japan, five were identified as Acinetobacter spp. and one as Pseudomonas spp. More than 10% of the Acinetobacter isolates exhibited cefotaxime, ceftazidime, and sulfa/trimethoprim resistance, while 21% of Pseudomonas and 14% of S. maltophilia isolates exhibited meropenem and sulfa/ trimethoprim resistance, respectively. Subsequent multiplex polymerase chain reaction (PCR) analyses detected ESBL-encoding genes in 10% of the BG-CTX. Notably, feces harvested from mice administered water contaminated with BG-CTX contained E. coli harboring the bla CTX-M-9 gene. In conclusion, our findings indicate that consumption of contaminated edible ice is a risk factor for human ESBL-E carriage.
INTRODUCTION
The continued emergence of antibiotic-resistant bacteria (ARB) is a serious threat to global health (Al-Sultan et al.
). In particular, there have been increasing reports of infections caused by extended-spectrum β-lactamase (ESBL)-producing bacteria (ESBL-B), including ESBL-producing
Escherichia coli (ESBL-E) strains, in developing countries (Sasaki et al. ) . A previous study found that >50% of Vietnamese residents harbored ESBL-E, suggesting a high prevalence of ARB among healthy individuals in Vietnam (Nakayama et al. ) . To reduce the prevalence of ESBL-E colonization, it is necessary to characterize the route through which humans are exposed to these bacteria. Notably, contamination rate) (Le et al. a, b) . Although many foods produced in Vietnam are contaminated with ESBL-E, it has been suggested that cooking of these foods should result in a lower prevalence of these strains. Indeed, in a preliminary study, we failed to isolate ESBL-E from certain cooked foods, even when other contaminants were present, suggesting that there might be a low frequency of ESBL-E contamination in the food served in Vietnamese restaurants.
Because daily temperatures in Vietnam typically exceed

25
C year-round, edible ice is commonly consumed. Given that this ice is used without heating or disinfection, it could be a source of ARB contamination. Indeed, previous research demonstrated that ice consumption is a potential vehicle for consumer infection. Gerokomou et al. () reported that commercial ice and ice used for fish and seafood were widely contaminated with E. coli, Pseudomonas aeruginosa, Yersinia spp., and Clostridium perfringens. Furthermore, antibioticresistant Vibrio strains were previously isolated from edible ice in Indonesia (Waturangi et al. ) , and ice-cream products were found to harbor Bacillus cereus group strains, including strains harboring genes encoding β-lactamases and other virulence determinants (Arsian et al. ) . Thus, foods or beverages that come in to contact with untreated ice can easily become contaminated with bacteria, and can thereby constitute a risk factor for acquiring pathogenic organisms, including ARB.
In Japan, there are few reports of foodborne illness due to consumption of edible ice in foods or beverages, and the percentage of ESBL-E carriage in humans is approximately ten times lower than that in Vietnam (Nakayama et al. ) .
The aim of this study was therefore to evaluate the frequency at which edible ice in Vietnam and Japan is contaminated with ESBL-B, and to determine whether contaminated ice is responsible, at least in part, for the ESBL-E carriage rate among Vietnamese citizens.
METHODS
Sample collection
Edible ice samples were collected from 62 restaurants in Vietnam (15 in Hanoi, 13 in Can Tho, 13 in Nha Trang, 12 in Thai Binh, and nine in Ho Chi Min City; Figure 1) between March 2014 and March 2016. For comparison, edible ice was also collected from 26 restaurants in Japan.
All restaurants were described as middle class restaurants (3 to 20 US dollars per person) in international tourist books. For collection, edible ice was ordered in a cup, which was wiped by a paper towel containing ethanol, and allowed to melt. The melted water was then sampled using a transport swab with Cary-Blair transport media (Eiken Chemical, Tokyo, Japan) and maintained at 4 C.
Bacterial isolation and identification
Transport swabs were streaked on CHROMagar ECC chromogenic medium (CHROMagar, Paris, France) supplemented with 1 μg/mL of cefotaxime (chromo-CTX) (Kanto Chemical Co., Inc., Tokyo, Japan) and on LB agar plates (Sigma-Aldrich, St Louis, MO, USA). Colonies of distinct phenotypes were picked and subcultured in LB medium (Sigma-Aldrich) at 37 C for 24 h, and genomic DNA was extracted by the boiling method (Sasaki et al. ) . An approximately 1,500 base pair region of the 16S rRNA gene was then amplified from each DNA sample (1 ng/μL) using 16S rRNA-specific primers (forward, 5 0 -AGA GTT TGA TCC TGG CTC AG-3 0 ; reverse, 5 0 -TAC GGT TAC CTT GTT ACG ACT T-3 0 ; Gene Design, Osaka, Japan) (Nakayama & Oishi ) and a polymerase chain reaction (PCR) thermal cycler device (Takara Bio, Shiga, Japan). The resulting products were purified using a QIAquick PCR purification kit (Qiagen, Venlo, The Netherlands) and subjected to nucleotide sequencing at Macrogen Japan (Tokyo, Japan). Sequencing results were analyzed using leBIBI software (https://umr5558-bibiserv.univ-lyon1.
fr/lebibi/lebibi.cgi). Stenotrophomonas maltophilia exhibits multi-drug resistance, both levofloxacin (LEV) and minocycline (MIN) were also included. The results of the susceptibility testing were interpreted using CLSI document M100-S24.
Antibiotic susceptibility
Confirmation of ESBL production and genotyping of the bla CTX-M ESBL production was confirmed by the disk diffusion method using CTX and CAZ, with and without clavulanic acid, as recommended by the CLSI. The quality control strains E. coli ATCC 25922 and Klebsiella pneumoniae ATCC 700603
were included in each assay. Positive isolates were identified using the API 20E system (Sysmex-bioMerieux, Marcy l'Etoile, France). The API 20NE system (Sysmex-bioMerieux) was also used for S. maltophilia identification.
The following primer sets were used for genotyping of bla CTX-M genes, as described elsewhere ( 
Animal experiments
Specific pathogen-free 12-week-old C57BL/6 mice (Japan Clea, Tokyo, Japan) were acclimatized to standard laboratory conditions and provided free access to rodent chow and water for 1 week. To avoid fighting and follow the guidelines, three female mice were used. Prior to the experiment, transporter swabs used for sampling of Hanoi restaurants were suspended in 5 mL of LB medium and incubated at 37 C for 18 h. Approximately 50 μL of the resulting suspension containing Acinetobacter spp., Pseudomonas spp. harboring bla CTX-M-9 , and S. maltophilia was subcultured in 5 mL LB medium at 37 C for an additional 18 h, after which the 5 mL of bacterial broth was added to 250 mL of sterile water. Mice were then provided with this contaminated water, and fecal samples were harvested immediately after evacuation. Samples (100 mg each) were homogenized in 500 μL sterile PBS, serially diluted, and spread on chromo-CTX medium. After incubation at 37 C for 18 h, bacterial colony forming units (CFU) were calculated. Colonies were subsequently picked and subjected to bacterial identification and bla CTX-M gene analyses, as described above. The experimental use of the animals in this study was in accordance with the guidelines of the Animal Care Committee of Osaka University.
Statistical analysis
Data were analyzed using the Pearson's chi-square test using GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, USA).
P-values <0.05 were considered statistically significant.
RESULTS
Isolation of bacteria from edible ice
Edible ice samples were harvested from 62 restaurants in Vietnam and 26 restaurants in Japan, and screened for bacteria capable of growing on chromo-CTX (BG-CTX). In total, 119 and six BG-CTX strains were isolated from 59 (95%) and four (15%) of the restaurants tested in Vietnam and Japan, respectively. Contamination of edible ice with total bacteria and with BG-CTX was significantly more prevalent among restaurants in Vietnam than those in Japan (Table 1) .
Characterization of BG-CTX strains
The BG-CTX strains isolated in Vietnam comprised six bacterial genera: Acinetobacter, Pseudomonas, Stenotrophomonas, Enterobacter, Aeromonas, and Klebsiella ( Table 2 ).
The predominant strains were identified as Pseudomonas (Table 4) .
Acquisition of antibiotic resistance by E. coli after consumption of contaminated water in mice
To evaluate whether the consumption of contaminated ice/ water could lead to the acquisition of antibiotic resistance by BG-CTX, bacteria growing on media containing cefotaxime. a P < 0.0001 compared to restaurants in Japan. gene via PCR analysis (Figure 3(b) ).
DISCUSSION
There are multiple reports of travelers visiting developing countries and becoming colonized with ESBL-E strains (Paltansing et al. ; Yaita et al. ) . It is suspected that this colonization occurs via consumption of foods contaminated with ESBL-E; however, the foods served in developing countries are typically subjected to heat treatment (i.e., boiling, grilling, or frying), which should be sufficient to prevent the spread of these organisms. Indeed, in preliminary experiments, we failed to detect abundant contamination of cooked foods with ESBL-E in Vietnam.
Likewise, ESBL-E strains were not detected among edible ice samples. We, therefore, expanded our initial investigation to characterize the bacterial contaminants of edible ice, and to determine whether these contaminating bacteria harbor ESBL-related genes that could be transmitted to E. coli within the human gut.
Because Vietnam is located in the tropics, the use of ice is a common part of daily life; however, the handling of these ice products is typically rough, and hygiene is often neglected or insufficient. According to information from local people, many wholesalers in Vietnam will transport edible ice blocks on cargo truck beds, covered with straw. Subsequently, upon delivery, restaurants will often store the ice in buckets on the floor. The restaurant workers then serve the ice in beverages such as water, tea, and beer. For comparison with the ice served in Vietnam, we used ice samples taken from restaurants in Japan. Nearly all of these restaurants used ice machines for ice production, with many being capable of automatically dispensing ice into the cup, thereby eliminating human handling. However, several samples were obtained from restaurants in which ice-machines were used, but the ice was subsequently stored in an uncovered bucket. Notably, these were the samples from which ARB strains were isolated. Based on these findings, it is evident that hygienic conditions are essential for preventing contamination of ice by ARB.
In this study, to investigate whether consumption of contaminated ice can result in the acquisition of antibiotic resistance by intestinal bacteria, mice were given water spiked with BG-CTX isolated from Vietnamese ice samples.
Remarkably, after the mice had consumed the contaminated water, we isolated intestinal E. coli strains that had acquired the bla CTX-M-9 gene, indicating that exposure to ice/water containing ARB harboring this gene might result in ESBL-E carriage in humans.
Developing countries often have problems with bacterial contamination of ice or water. For example, multidrug-resistant Vibrio cholerae was isolated from edible ice in Indonesia (Waturangi et al. ) , while drinking water systems in Iran were found to be polluted by enterococci (Enayati et al. ) . In addition, multidrug-resistant Pseudomonas spp. were detected in drinking water distribution systems located in southwest Nigeria (Adesoji et al. ).
In the current study, we also isolated enterococci from ice samples in Vietnam, which was likely the result of fecal con- Figure 1 , available with the online version of this paper), indicating that Pseudomonas-specific hygiene is less effective than that for Acinetobacter.
In addition to its importance for local citizens, clean drinking water is also a concern for travelers and tourists. In previous reports, bacteria, pesticides, and arsenic were detected in tap water and/or water stored for drinking in Vietnam (Seino Based on these findings, there is not widespread contamination of bottled water and tap water in hotels in Vietnam. Thus, the contamination of ice with bacteria in Vietnamese restaurants is likely due, at least in part, to improper handling by staff members. As such, national regulatory guidelines are needed to prevent such contamination with ARB.
In 2009, the Japanese Official Development Assistance program was initiated to support the improvement of infrastructure for ensuring water quality in Ho Chi Min City.
The goals of this project include enhancing the clean water supply capacity, and improving issues with water leakage, low water pressure, and hygiene. Thus, improvements in water quality are currently underway in this country.
